Complete heart block is a rare but serious cardiac dysrhythmia in the perioperative period. This report describes a patient who had complete heart block during dissection of the omentum under combined general and thoracic epidural anaesthesia and discusses the possible causes.
CASE HISTORY
A 65-year-old Chinese male underwent repair of a bronchopleural fistula secondary to a previous right pneumonectomy. It was a two-stage procedure. The first part was a laparotomy to harvest the pedicle omental graft, followed by a thoracotomy to repair the bronchial stump which was further reinforced by the omental graft retrieved retrosternally.
The patient was a chronic smoker and had carcinoma of the lung diagnosed seven months previously. He received a course of chemotherapy and radiotherapy followed by a right lower lobectomy and subsequent right pneumonectomy for tumour recurrence. These two previous operations had been uneventful. Postoperatively the bronchopleural fistula developed as did episodes of rapid atrial fibrillation which resolved with digoxin 250 mg daily.
At the time of this operation, the patient had slight shortness of breath with the arterial blood gas on room air of pH 7.466, PCO 2 40.5 mmHg, PO 2 70.5 mmHg, HCO 3 29.7 mmol/l, BE +6.0 mmol/l and SpO 2 95%. Other laboratory results were reported as haemoglobin 11.0 g/dl, Na 131 mmol/l, K 3.7 mmol/l, urea 4.4 mmol/l and creatinine 98 mmol/l. An electrocardiogram revealed sinus tachycardia of 120/minute, with no ischaemic change or conduction disturbance. His medications were digoxin, antibiotics and a mucolytic. The serum digoxin level was 1.4 nmol/l (therapeutic range: 1.2-2.8 nmol/l).
He was not premedicated and the digoxin was omitted on the morning of the operation. Combined epidural and general anaesthesia was planned. Upon arrival in the operating room, standard monitoring was applied, which included noninvasive automated blood pressure monitoring, 2-channel 5-lead ECG, pulse oximetry and central venous catheter via the right internal jugular route. Pre-induction parameters were recorded as blood pressure (BP) 105/70 mmHg, heart rate (HR) 120/minute, sinus rhythm, central venous pressure (CVP) 13 cmH 2 0, and pulse oximetry oxygen saturation (SpO 2 ) on air 95%. After establishing a large-bore intravenous access, a 16 gauge epidural catheter was introduced at the T8-9 level. A test dose of 3 ml of plain bupivacaine 0.5% was injected without any signs of intrathecal blockade. One litre of crystalloid was given to preload the patient.
General anaesthesia was induced after preoxygenation with intravenous thiopentone 225 mg and fentanyl 100 mg, with the operation table tilted to the right side. Suxamethonium 100 mg was administered intravenously to facilitate the insertion of a 35 Fr left double-lumen endobronchial tube under fibreoptic guidance. The left main bronchus was successfully intubated. No significant change in the heart rate, rhythm or blood pressure was observed. General anaesthesia was maintained with 0.2 to 0.5% isoflurane, 67% nitrous oxide and atracurium.
Fifteen minutes after induction, another 3 ml bolus of 0.5% bupivacaine was given, followed by an epidural infusion of 0.1% bupivacaine with 3mg/ml of fentanyl started at 8 ml/h. The BP dropped to 75/40 mmHg within five minutes. A metaraminol infusion commenced at 2 to 3 mg/hour to maintain the BP at around 100/60 mmHg. The HR remained at 110 to 120/minute in sinus rhythm.
Eighty minutes after induction, when the omentum was being harvested, the patient developed a 2:1 AV block ( Figure 1 ). The HR slowed to 52/minute and the BP dropped to 75/35 mmHg. Five minutes later it progressed to a complete AV block ( Figure 2 ) with an atrial rate of 115/minute and a ventricular rate of 48/minute. The BP decreased further to 60/30 mmHg. The CVP was 15 cmH 2 O, SpO 2 99% on inspired oxygen fraction 0.37, end-tidal carbon dioxide 39 mmHg, and nasopharyngeal temperature 36.2°C. The surgeon was asked to stop the procedure but the dysrhythmia persisted. Atropine 0.6 mg and ephedrine 5 mg were administered intravenously and the rhythm reverted to sinus rhythm ( Figure 3 ) of 121/minute within one minute. A pair of transcutaneous pacemaker electrodes were applied and isoprenaline infusion was prepared as a standby. The laparotomy finished 30 minutes later.
The patient was subsequently positioned in the left lateral position for a right thoracotomy. Repair of the bronchopleural fistula and omental graft was completed in another two and a half hours. The BP and HR remained at around 100/60 mmHg and 115-120/minutes respectively throughout the rest of the operation. No further recurrence of the dysrhythmia was noted. Neither external pacing nor isoprenaline infusion had been required. Blood loss was about 200 ml. The metaraminol infusion was tailed off before the end of the operation. The patient was extubated in the operating room without any difficulty. Postoperative pain was controlled with an epidural infusion of bupivacaine and fentanyl mixture which was stopped three days later.
There was no further episode of dysrhythmia, with the heart rate remaining at 100 to 120/minute in sinus rhythm. The plasma level of cardiac enzymes was normal and the 12-lead ECG did not reveal any serial changes. The patient was discharged home one month later.
DISCUSSION
The incidence of dysrhythmia is variable, depending on the type of operation, the anaesthesia technique, any pre-existing heart disease, drug therapy and how the dysrhythmia is detected. Studies have shown that some types of dysrhythmia can be detected in at least 60% of patients undergoing surgery and 22% of these dysrhythmias are AV dissociation 1 .
Atrioventricular (AV) dissociation exists whenever the atria and the ventricles are under the control of two separate pacemakers. This can result from complete AV block, sinoatrial bradycardia or accelerated junctional rhythms. De Leon-Casasola 2 reported atrial bradycardia resulting in isorhythmic AV dissociation in a patient under combined thoracic epidural and general anaesthesia. The combined effects of epidural lignocaine, atenolol and diltiazem predisposed the patient to unopposed parasympathetic outflow to the heart. Breslow 3 linked the accelerated junctional rhythm to sympathetic overactivation and successfully treated the dysrhythmia with propranolol. However, complete AV block resulting in AV dissociation, as seen in this patient, has not been previously reported and needs to be elucidated. Slama 4 reported six cases of episodic complete infranodal AV block after irradiation of mediastinum 258 K. P. NG and proposed the following aetiologic criteria: high radiation dose, delay of ten years or more, abnormal interval tracings, pericardial involvement and associated cardiac or mediastinal radiation-induced lesions. Based on Slama's criteria, Brusca 5 reported four cases of complete atrioventricular block out of 37 patients admitted for cardiac evaluation after radiation treatment. The early onset of the heart block for this patient does not fit the aetiologic criteria. It is possible that a subclinical radiation injury to the conduction system or its microvasculature played a contributory role.
Digitalis is well known to be associated with cardiac dysrhythmias, especially in the toxic level. The commonest presentation is atrial tachycardia with AV block, although no dysrhythmia is specific 6 . This patient had a digoxin level within the therapeutic range and digoxin had been omitted on the morning of the operation. However, some other factors may have potentiated the digoxin effect on the AV node.
Both the abdominal viscera and the heart are innervated by both divisions of the autonomic nervous system. Sympathetic blockade of these organs by thoracic epidural anaesthesia can result in unopposed parasympathetic outflow from the viscera upon visceral traction. High thoracic epidural anaesthesia, by inhibiting cardiac sympathetic tone (T1-4), can further exaggerate the parasympathetic predominance to the heart resulting in cardiac dysrhythmia.
Bradycardia has long been recognized as a complication of high spinal anaesthesia. Caplan 7 reported fourteen cases of sudden cardiac arrest in healthy patients who had received spinal anaesthesia and speculated that undetected respiratory insufficiency is an important factor. Mackey 8 suggested that the sympathetic blockade during spinal anaesthesia may reduce venous return and cardiac volume, leading to activation of the Bezold-Jarisch reflex. In this patient, the onset of dysrhythmia was not associated with any hypovolaemia or hypoxaemia.
The right vagus nerve affects the SA node predominantly to produce sinus bradycardia while the left vagus nerve mainly affects the AV conduction tissue to produce AV block with overlap of distribution 9 . It is possible that previous right pneumonectomy may have damaged the right vagal supply to the heart, resulting in the baseline tachycardia and predominantly AV blocking effect by the left vagal nerve secondary to the surgical stimulation. The efficacy of atropine in reverting the rhythm supports the vagal origin.
Compared with lignocaine, bupivacaine has a more potent effect on the cardiac conducting tissue. Nath 10 showed in pigs that bupivacaine caused QRS prolongation at much lower doses than lignocaine. Eledjam 11 studied the effect of lumbar bupivacaine on ten patients who presented with a history of cardiac conduction disturbances and revealed no effect on the various electrophysiological parameters. Bupivacaine (0.5% solution with adrenaline 1/200,000) at a dose of 1 mg/kg body weight may be safe provided the cardiac sympathetic nerves are spared and there is no accidental intravascular injection. The mean plasma level of bupivacaine stabilizes at 0.33±0.23 mg/ml fifteen minutes after epidural injection and is well below the cardiotoxic level. On the other hand, Timour 12 showed that in the presence of other dromotropic drugs, bupivacaine had depressant effects on intraventricular conduction at plasma levels below those required to produce these effects experimentally. In retrospect, the use of bupivacaine in this patient may partly contribute to the genesis of the heart block. Lignocaine with its lower cardiotoxicity could be a better alternative. Inclusion of fentanyl in the local anaesthetic mixture reduces the concentration of bupivacaine required. Fentanyl has a vagotonic effect on the heart but the amount used in this patient is unlikely to be significant. The addition of adrenaline to the local anaesthetic may help to reduce the peak plasma concentration of bupivacaine. The adrenaline had been omitted in the test dose for this patient as it was expected not to be helpful with the baseline heart rate of 110/min so that a partial intravenous injection of the local anaesthetic cannot be excluded. Metaraminol used for the hypotension may also contribute to the increased vagal tone by activation of the baroreceptors.
Regarding the anaesthetic agents used in this patient, atracurium was chosen to avoid the autonomic and cumulative effect of other relaxants like pancuronium and vecuronium. This would ensure easy reversal of the relaxant and immediate extubation after repair of the bronchopleural fistula. Volatile anaesthetics predispose the heart to dysrhythmia by affecting the automaticity and conduction of the cardiac impulse. Isoflurane has least effect on the conduction of the AV node, His-Purkinje fibres and ventricles compared to halothane or enflurane 13 . It would therefore be logical to use isoflurane in preference to halothane in the digitalized patients if excessive AV blocking effect is to avoided.
Another possible mechanism is complete heart block secondary to inferior myocardial infarction, which has been ruled out by the lack of serial changes in ECG and cardiac enzymes level. However, transient coronary ischaemia resulting in AV block cannot be excluded.
Transcutaneous pacing was employed in this patient as it is the only available method for emergency pacing in our operating theatre. It is a noninvasive and expedient modality of temporary cardiac pacing, although it has less efficacy and reliability than the transvenous pacing. It also has the adverse effects of cutaneous nerve pain, skeletal muscle contraction, local tissue burn and loss of co-ordinated atrial systole. Its safety and efficacy have been improved by the use of large surface area electrodes, low density constant current impulses of up to 50 ms duration and high impedance conductive medium 14 . It has been shown to give the best result when used early or prophylactically in patients with a high likelihood of precipitous clinical deterioration. Its efficacy has been documented in patients undergoing general anaesthesia 15 and cardiac surgery 16 , although its efficacy during thoracic surgery has not been thoroughly investigated. Transvenous pacing, formerly a timeconsuming procedure, has been facilitated by the introduction of flow-directed ventricular pacing and pulmonary artery catheter mounted pacing leads. Transoesophageal pacing, commonly used by cardiologists for noninvasive electrophysiological studies and treatment of supraventricular dysrhythmias, can be used as a temporary atrial pacing method. Until recently, the lack of ventricular pacing hinders its application in patients with complete AV block. Pharmacologic means of maintaining heart rate are usually more readily available than the electrical methods. Nevertheless, extreme caution is required in the use of the chronotropic drugs as they could be ineffective or produce excessive tachycardia, or cause more serious dysrhythmias 17 .
